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Abstract: Atherosclerotic occlusive disease (ASO) of the lower extremities is primarily caused by
atherosclerosis of the lower extremities and is characterized by a state of reduced limb perfusion and
metabolic disorders. Despite hemodialysis and medical care for the disease, many patients with ASO are
at risk for recurrence, progression to severe limb ischemia, and increased rates of amputation in the
patients. Remnant cholesterol (RC) is a strong predictor of ASO development and has been classified as
a new atherosclerosis risk factor by the American Heart Association. RC induces endothelial dysfunction,
stimulates inflammation and prothrombosis, and accelerates atherosclerosis formation, thereby
promoting ASO development. This review summarizes the relevant definitions and detection methods of
RC, the relationship between RC and ASO, and treatment methods. However, the definition and detection
standard are still controversial. Further clarification of the correlation between RC levels and the
occurrence and severity of ASO will provide some guidance for clinical diagnosis and treatment.
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1. Introduction

Atherosclerosis obliterans (ASO) of the lower limbs is a common peripheral vascular disease,
affecting approximately 5.56% of the global population [!l. ASO of the lower limbs is a common
peripheral vascular disease, affecting approximately 5.56% of the global population. ASO is caused by
the narrowing or occlusion of arteries in the lower limbs, leading to reduced blood supply. This condition
is a localized manifestation of systemic atherosclerosis. In severe cases, it may require amputation,
resulting in significant economic burdens for patients and society, and is now a major public health issue.
Early identification of residual cholesterol (RC) levels in ASO patients is crucial for early diagnosis and
guiding treatment, which is essential for preventing lower limb vascular diseases.

The ankle-brachial index (ABI) is recommended as the primary screening tool for ASO in patients
with multiple risk factors 2. Although ABI has limited sensitivity in detecting early-stage ASO, it is
particularly less sensitive in patients with severe atherosclerosis, such as those with diabetes or end-stage
chronic kidney disease. When the ABI value is between 0.9 and 1.0, further examinations are necessary
to confirm the diagnosis of ASO. Therefore, introducing a reliable, inexpensive, accurate, and easily
accessible biomarker could overcome the limitations of ABI screening, thus improving the diagnosis and
prognosis of ASO patients.

2. Definition and metabolism of remnant cholesterol

RC refers to the cholesterol content in triglyceride (TG)-rich lipoproteins. These lipoproteins differ
in density, volume, protein content, and core lipid composition. RC is categorized by fasting status: in
the non-fasting state, it includes chylomicrons (CM), very low-density lipoproteins (VLDL), and
intermediate-density lipoproteins (IDL); in the fasting state, it includes VLDL and IDL. In most
individuals, CM is absent in plasma because lipoprotein lipase (LPL) rapidly hydrolyzes TGs, breaking
down CM into chylomicron remnants. Therefore, RC levels are closely correlated with TG levels!l. In
plasma, TGs and total cholesterol (TC) are exchanged between high-density lipoproteins (HDL) and RC,
leading to a negative correlation between HDL and RC levels. This exchange promotes the formation of
macrophages and foam cells ), accelerating the development of atherosclerosis.
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Lipoprotein lipase (LPL) is an enzyme anchored to endothelial cells in blood vessels. It acts
independently of the physical state of apoB and serves as a bridge between LDL and proteoglycans. LPL
is produced by adipocytes and muscle cells and expressed on the cell surface through heparan sulfate
proteoglycans. It is then transported to capillary endothelium via glycosylphosphatidylinositol-anchored
HDL-binding protein 1, influencing RC circulation. LPL is activated by apoC-II and apoA-V and
inhibited by apoC-III. Mutations in LPL can lead to hypertriglyceridemia and accelerate atherosclerosis
progression!®,

3. Epidemiology of RC and ASO

RC has a high correlation with atherosclerosis. In a prospective study, Duran!”? examined the
relationship between RC, small dense LDL cholesterol (sdLDL-C) concentrations, and coronary heart
disease outcomes, including myocardial infarction, ischemic stroke, and ASO. The study confirmed a
close association between RC and ASO events. Song ! conducted a retrospective analysis and found
that diabetic patients with RC levels >0.64 mmol/L had an increased risk of ASO (sensitivity 71.9%,
specificity 64.6%). Guan demonstrated a causal relationship between elevated RC levels and ASO using
Mendelian randomization ) Wadstrom and colleagues "' conducted a prospective study showing that
the incidence of ASO varies with RC concentration. For patients with RC <0.5 mmol/L, the incidence of
ASO was only 2.9%, while in those with RC >1.5 mmol/L, the incidence was as high as 9.1%. After
adjusting for multiple ASO-related risk factors, including LDL, the incidence of ASO in the latter group
was five times higher than in the former. This indicates that RC has a stronger association with ASO
occurrence compared to other manifestations of atherosclerotic cardiovascular disease.

4. Mechanism of RC causing atherosclerosis

Studies have shown that RC is a more accurate predictor of atherosclerosis risk compared to LDL,
establishing it as a novel predictive marker ['!1. Breslow's laboratory confirmed the potential atherogenic
effects of RC using a gene-modified mouse model for advanced atherosclerotic lesions, the APOE-
deficient mouse model ['2, Genetic studies further validated RC's role in atherosclerosis and its
complications '3, RC may contribute to the progression of atherosclerosis through various pathways.

4.1 Lipid Metabolism Disorders

Research indicates that the progression of atherosclerosis is primarily driven by the TC content in RC,
rather than the TG itself. Elevated RC levels are one of the markers of atherogenic dyslipidemial'¥.RC
is a critical indicator of lipid metabolism. Elshazly!'3! analyzed data from 5,754 patients and found that
even after adjusting for C-reactive protein (CRP) levels, RC remained an independent risk factor for the
progression of atherosclerosis. Each RC particle contains about 40 times more cholesterol than LDL.
Lipoproteins entering the arterial intima bind to proteoglycans in the extracellular matrix under the action
of lipoprotein lipase, becoming trapped in the arterial wall. They can be directly absorbed by
macrophages, and RC does not need oxidative modification to induce atherosclerosis!'®!. Therefore, the
cholesterol content in RC may have a stronger atherogenic potential than that in LDL.

4.2 Endothelial Cell Injury

In ASO, ischemia-reperfusion injury triggers inflammation, promotes an increase in reactive oxygen
species (ROS), thereby leading to endothelial dysfunction ['”). The vascular endothelium acts as a highly
selective barrier to control vascular permeability and regulate vascular tone.RC promotes endothelial
dysfunction by increasing the production of ROS, leading to homeostatic changes in the characteristics
and functions of endothelial cells!'®l. RC can enter endothelial cells through endocytosis, and when
endothelial cells are injured, it accelerates the development of atherosclerosis.

4.3 Chronic Inflammation

Researchers, including Anette!®lexamined the link between RC and inflammation by analyzing
clinical data from 60,608 participants in Copenhagen. Their Mendelian trial revealed that a 1 mmol/L
increase in RC levels corresponded to a 37% rise in C-reactive protein (CRP) levels, whereas low-density
lipoprotein (LDL) levels increased by only 7%. This finding suggests that elevated RC levels are more
closely associated with low-grade inflammation compared to LDL. The pro-inflammatory impact of RC
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particles is significantly greater than that of LDL (P<0.05), and RC particles are not regulated or absorbed
by macrophage scavenger receptors 2%, Furthermore, low-grade inflammation contributes significantly
to the formation, progression, and rupture of arterial plaques, thereby exacerbating atherosclerosis.

4.4 Prothrombotic and Thrombotic Effects

In dysfunctional endothelial cells, RC stimulates the secretion of tissue factor from both endothelial
cells and monocytes. Tissue factor is a critical initiator of the coagulation cascade, activating it and
platelets through the assembly of the prothrombin complex[?!l. This process increases the expression of
plasminogen activator inhibitor-1, which reduces fibrinolysis, enhances platelet activation and
aggregation, and contributes to a pro-thrombotic state??.Overall, these mechanisms lead to increased
platelet aggregation and clot formation, playing a significant role in the progression of atherosclerotic
lesions.

5. Treatment of RC

The EAS/EFLM guidelines [ recommend incorporating laboratory parameters for RC as part of
routine lipid analysis. Currently, in many patients undergoing treatment for atherosclerotic vascular
disease, the primary criterion for lipid abnormalities is no longer elevated LDL, but rather elevated RC
and HDL.

There are currently no specific guidelines or expert recommendations for drug treatments targeting
RC.While medications such as statins, fibrates, niacin, omega-3 fatty acids, and high-purity fish oil
preparations are used to lower total TC or TG, there are no drugs specifically aimed at reducing RC levels.

Statins lower RC levels by inhibiting TC synthesis, which leads to an increase in LDL receptors in
liver cells and VLDL receptors in muscle and adipose tissue 23], Additionally, statins have anti-
inflammatory effects, as they reduce CRP, stabilize atherosclerotic plaques, and prevent plaque rupture.

Pemafibrate, a novel selective peroxisome proliferator-activated receptor (PPAR-a) agonist, is used
in fibrate medications. PPAR-a is a nuclear receptor that increases the expression of LPL, apo-Al, and
other lipid-related genes. Studies have shown that pemafibrate is more effective in lowering TG, possibly
due to its more effective inhibition of apoC-1II on LPL 4], The PROMINENT trial, which involved
10,497 participants, found that pemafibrate treatment reduced TG levels by 26% and RC levels by 26%,
but LDL levels increased by 12.3% and apo-B levels increased by 4.8% [?°1. These results indicate that
pemafibrate significantly lowers TG and RC levels, suggesting that RC conversion to LDL is relatively
high and not directly cleared from the circulation!*!.

6. Conclusions

RC can accumulate in the arterial intima and is an important predictor in atherosclerosis. Prolonged
high levels of RC increase the incidence of vascular diseases ?°L.RC is a major pathogenic factor
accelerating the progression of atherosclerosis. Although pharmacological therapies can significantly
reduce the risk of atherosclerosis, there remains a risk of recurrence. Early identification of RC levels in
ASO is crucial for early diagnosis and treatment guidance, which is essential for preventing lower limb
vascular diseases. Therefore, a deeper understanding of the relationship between ASO and RC can help
discover new treatment approaches for ASO and provide a theoretical basis for exploring novel drugs
and therapeutic targets.

Acknowledgements
Project name: College Level Project of the First Affiliated Hospital of Xi'an Medical University:

Analysis of the efficacy of balloon dilatation for non-thrombotic iliac vein compression syndrome;
project number (XY YFY-2023-04)

References

[1] POLONSKY T S, MCDERMOTT M M. Lower Extremity Peripheral Artery Disease Without Chronic
Limb-Threatening Ischemia: A Review [J]. Jama, 2021, 325(21): 2188-98.

Published by Francis Academic Press, UK
-45-



Frontiers in Medical Science Research
ISSN 2618-1584 Vol. 6, Issue 8: 43-46, DOI: 10.25236/FMSR.2024.060806

[2] FOWKES F G, ABOYANS V, FOWKES F J, et al. Peripheral artery disease: epidemiology and global
perspectives [J]. Nature reviews Cardiology, 2017, 14(3): 156-70.

[3] STiiRZEBECHER P E, KATZMANN J L, LAUFS U. What is ‘remnant cholesterol’? [J]. European
Heart Journal, 2023, 44(16): 1446-8.

[4] CHAPMAN M J, GINSBERG H N, AMARENCO P, et al. Triglyceride-rich lipoproteins and high-
density lipoprotein cholesterol in patients at high risk of cardiovascular disease: evidence and guidance
for management [J]. European heart journal, 2011, 32(11): 1345-61.

[5] PIRILLO A, CATAPANO A L. Remnant cholesterol: A reliable prognostic marker? [J]. European
Journal of preventive cardiology, 2023.

[6] TYBJAERG-HANSEN A, NORDESTGAARD B G, GERDES L U, et al. Genetic markers in the apo
AI-CIII-AIV gene cluster for combined hyperlipidemia, hypertriglyceridemia, and predisposition to
atherosclerosis [J]. Atherosclerosis, 1993, 100(2): 157-69.

[7] CHEN X, LI L H. Remnant Cholesterol, a Valuable Biomarker for Assessing Arteriosclerosis and
Cardiovascular Risk: A Systematic Review [J]. Cureus, 2023, 15(8): e44202.

[8] SONG Y, ZHAO Y, BAI X, et al. Remnant cholesterol is independently asssociated with an increased
risk of peripheral artery disease in type 2 diabetic patients [J]. Frontiers in endocrinology, 2023, 14:

1111152.

[9] GUAN B, WANG A, XU H. Causal associations of remnant cholesterol with cardiometabolic diseases
and risk factors: a mendelian randomization analysis [J]. Cardiovascular diabetology, 2023, 22(1): 207.

[10] WADSTROM B N, WULFF A B, PEDERSEN K M, et al. Elevated remnant cholesterol increases the
risk of peripheral artery disease, myocardial infarction, and ischaemic stroke: a cohort-based study [J].

European heart journal, 2022, 43(34): 3258-69.

[11] BALLING M, NORDESTGAARD B G, LANGSTED A, et al. Small Dense Low-Density Lipoprotein
Cholesterol Predicts Atherosclerotic Cardiovascular Disease in the Copenhagen General Population
Study [J]. Journal of the American College of Cardiology, 2020, 75(22): 2873-5.

[12] ZHANG S H, REDDICK R L, PIEDRAHITA J A, et al. Spontaneous hypercholesterolemia and
arterial lesions in mice lacking apolipoprotein E [J]. Science (New York, NY), 1992, 258(5081): 468-71.

[13] DO R, WILLER C J, SCHMIDT E M, et al. Common variants associated with plasma triglycerides
and risk for coronary artery disease [J]. Nature genetics, 2013, 45(11): 1345-52.

[14] VEKIC J, STROMSNES K, MAZZALAI S, et al. Oxidative Stress, Atherogenic Dyslipidemia, and
Cardiovascular Risk [J]. Biomedicines, 2023, 11(11).

[15] OOl E M, BARRETT P H, CHAN D C, et al. Apolipoprotein C-III: understanding an emerging
cardiovascular risk factor [J]. Clinical science (London, England : 1979), 2008, 114(10).: 611-24.

[16] PENG J, LUO F, RUAN G, et al. Hypertriglyceridemia and atherosclerosis [J]. Lipids in health

and disease, 2017, 16(1): 233.

[17] POLEDNICZEK M, NEUMAYER C, KOPP C W, et al. Micro- and Macrovascular Effects of
Inflammation in Peripheral Artery Disease-Pathophysiology and Translational Therapeutic Approaches
[J]. Biomedicines, 2023, 11(8).

[18] SHAYA G E, LEUCKER T M, JONES S R, et al. Coronary heart disease risk: Low-density
lipoprotein and beyond [J]. Trends in cardiovascular medicine, 2022, 32(4): 181-94.

[19] NORDESTGAARD B G. Triglyceride-Rich Lipoproteins and Atherosclerotic Cardiovascular
Disease: New Insights From Epidemiology, Genetics, and Biology [J]. Circulation research, 2016, 118(4):
547-63.

[20] GUGLIUCCI A. Triglyceride-Rich Lipoprotein Metabolism: Key Regulators of Their Flux [J].

Journal of clinical medicine, 2023, 12(13).

[21] SILBERNAGEL G, SCHARNAGL H, KLEBER M E, et al. LDL triglycerides, hepatic lipase activity,

and coronary artery disease: An epidemiologic and Mendelian randomization study [J]. Atherosclerosis,

2019, 282: 37-44.

[22] YANAI H, ADACHI H, HAKOSHIMA M, et al. Postprandial Hyperlipidemia: Its Pathophysiology,

Diagnosis, Atherogenesis, and Treatments [J]. International journal of molecular sciences, 2023, 24(18).

[23] HAO Q Y, GAO J W, YUAN Z M, et al. Remnant Cholesterol and the Risk of Coronary Artery
Calcium Progression: Insights From the CARDIA and MESA Study [J]. Circulation Cardiovascular
imaging, 2022, 15(7): e014116.

[24] YAMASHITA S, ARAI H, YOKOTE K, et al. Efficacy and Safety of Pemafibrate, a Novel Selective
Peroxisome Proliferator-Activated Receptor o Modulator (SPPARMo,): Pooled Analysis of Phase 2 and
3 Studies in Dyslipidemic Patients with or without Statin Combination [J]. International journal of
molecular sciences, 2019, 20(22).

[25] DAS PRADHAN A, GLYNN R J, FRUCHART J C, et al. Triglyceride Lowering with Pemafibrate to

Reduce Cardiovascular Risk [J]. The New England journal of medicine, 2022, 387(21): 1923-34.

[26] CRIQUI M H, ABOYANS V. Epidemiology of Peripheral Artery Disease [J]. Circulation Research,

2015, 116(9): 1509-26.

Published by Francis Academic Press, UK
-46-



